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$EVWUDFW²/RDG IOXFWXDWLRQV FDXVHG E\ WKH XQVWHDG\ QDWXUH RI WLGDO
VWUHDPVFDQKDYHVHYHUHLPSDFWVRQ WXUELQHFRPSRQHQWV$VVHHQ LQWKH
ZLQGLQGXVWU\WXUELQHEODGHVFDQEHFRPHPLVDOLJQHGGXHWRDIDXOWLQWKH
SLWFK PHFKDQLVP RU EODGH GHIRUPDWLRQV DULVLQJ RYHU WLPH 7KHVH
PLVDOLJQPHQWV ZLOO UHSUHVHQWD ORVV RI SRZHU FDSWXUHDQG SHUKDSV HYHQ
SUHPDWXUH IDLOXUH RI WKH FRPSRQHQWV LI QRW GHWHFWHG LQ WLPH
&RPSXWDWLRQDOIOXLGG\QDPLF&)'WHFKQLTXHVFDQEHXVHGWRSUHGLFWWKH
SHUIRUPDQFH RI D WXUELQH ZLWK D PLVDOLJQHG EODGH +RZHYHU WKHVH
QXPHULFDO PRGHOOLQJ WHFKQLTXHV TXLFNO\ EHFRPH FRPSXWDWLRQDOO\
H[SHQVLYH ZKHQ PRGHOOLQJ UHDOLVWLF WLPHYDU\LQJ FRQGLWLRQV %ODGH
(OHPHQW 0RPHQWXP 7KHRU\ %(07 RIIHUV D TXLFNHU DQG VLPSOHU
DSSURDFK DOWKRXJK ZLWK VHYHUDO OLPLWDWLRQV   ,Q WKLV SDSHU %(07 LV
DGDSWHGWRSUHGLFWWKHSHUIRUPDQFHRID WKUHHEODGHGWLGDO WXUELQHZLWK
RQHRUWZREODGHVRIIVHWIURPWKHRSWLPXPSLWFKVHWWLQJ7KLVDSSURDFKLV
FRPSDUHGZLWKD&)'PRGHOWRVWXG\WKHHIIHFWLYHQHVVRIERWKPHWKRGVWR
SUHGLFWSRZHUDQGWKUXVWZKHQDURWRUEODGHKDVDQRIIVHW7KHVLPXODWLRQV
ZHUHXQGHUWDNHQDWWKUHHIORZVSHHGVDQGPV%RWKQXPHULFDO
PRGHOVDUHFRPSDUHGWRH[SHULPHQWDOGDWDWKDWZDVREWDLQHGDWDIOXPH
WDQNLQVLPLODUIORZFRQGLWLRQV7KHUHVXOWVVKRZHGWKDWERWK%(07DQG
&)'DUHDEOHWRSUHGLFWSRZHUFRHIILFLHQWVZKHQWKHUHLVDVPDOORIIVHWRI
RQHURWRUEODGH+RZHYHUWKHSUHGLFWLRQVZHUHSRRUHUZKHQWZREODGHV
KDGWZRGLIIHUHQWRIIVHWVDWWKHVDPHWLPH
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
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7KHGHYHORSPHQWRIWLGDOVWUHDPWHFKQRORJ\LVSURJUHVVLQJ
UDSLGO\2QHH[DPSOHRIWKLVLVWKH0H\JHQSURMHFWZKLFKVHHNV
WRGHSOR\XSWR0:RIWLGDOWXUELQHFDSDFLW\E\>@
2QH RI WKH NH\ FKDOOHQJHV IRU WKLV WHFKQRORJ\ UHODWHV WR WKH
XQVWHDG\QDWXUHRIWKHPDULQHFXUUHQWVZKLFKFDQKDYHVHULRXV
HIIHFWV RQ WKH WXUELQH SHUIRUPDQFH GXUDELOLW\ DQG VWUXFWXUDO
LQWHJULW\7KHVHHIIHFWVFDQEHVLPLODURUHYHQPRUHVLJQLILFDQW
WKDQ WKRVH DIIHFWLQJ VLPLODU WHFKQRORJ\ LQ WKH ZLQG HQHUJ\
LQGXVWU\
0DMRUIDXOWVWKDWRFFXULQZLQGWXUELQHVDUHRIWHQDVVRFLDWHG
ZLWK WKH JHDUER[ DQGEODGHV7KHXQVWHDG\ ORDGLQJ IURP WKH
YDULDWLRQ LQ ZLQG VSHHG FDQ JLYH ULVH WR D EODGH RIIVHW RU
PLVDOLJQPHQWRIRQHRUPRUHEODGHV7KHVHEODGHRIIVHWVFDQ
DOVREHDSUHH[LVWLQJSUREOHPLIWKHKXEPHFKDQLVPWRVHWWKH
SLWFKLVQRWDFFXUDWHRUGHIRUPVZLWKWLPH+DYLQJDEODGHRIIVHW
RU PLVDOLJQPHQW ZLOO FRPSURPLVH WKH SHUIRUPDQFH RI WKH
WXUELQH>@)RUH[DPSOH WKH ODWHVWQHZVUHOHDVHGE\$WODQWLV
5HVRXUFHV LQIRUPHG WKDW D FRPSRQHQW RI WKH SLWFKLQJ
PHFKDQLVPRIRQHRIWKHWXUELQHVVKRXOGEHUHSODFHGGXHWRLWV
H[SRVXUHWRDORQJLGOHF\FOH>@
7R GDWH PHWKRGV WR GHWHFW EODGH PLVDOLJQPHQW KDYH EHHQ
GHYHORSHG PDLQO\ IRU ZLQG WXUELQHV HJ >@ DQG >@ 0RUH
UHFHQWO\ >@ GHYHORSHG D PHWKRGRORJ\ WR GHWHFW GLIIHUHQW
IDLOXUH W\SHV LQ WLGDO VWUHDP WXUELQHV 767V XVLQJ WUDQVLHQW
DQDO\VLVRQWKHWRUTXHVLJQDOV LQERWKWKHWLPHDQGIUHTXHQF\
GRPDLQV7KHH[SHULPHQWDOZRUNXQGHUWDNHQE\>@FRQVLVWHG
RIVLPXODWLQJDURWRULPEDODQFHSUREOHPE\PLVDOLJQLQJRQHRU
WZREODGHVWRDGLIIHUHQWSLWFKVHWWLQJWKDQWKHRSWLPXP
$OWKRXJK H[SHULPHQWDO ZRUN DOORZV LQYHVWLJDWLRQ RI
FRPSOH[IOXLGVWUXFWXUHLQWHUDFWLRQVLQWKHILHOGRIWLGDOHQHUJ\
WKLVUHVHDUFKPHWKRGLVUDWKHUH[SHQVLYH$VDFRQVHTXHQFHWKH
QXPEHU RI WHVWV LV OLPLWHG DQG WKH H[SHULPHQWV PXVW EH
FDUHIXOO\SODQQHGWRPDNHHIIHFWLYHXVHRIWHVWLQJWLPH
$QDOWHUQDWLYHVROXWLRQWRH[SHULPHQWDOUHVHDUFKLVWKHXVHRI
DQDO\WLFDO DQG QXPHULFDO PRGHOOLQJ &RPSDUHG WR ODERUDWRU\
WHVWVVLPXODWLRQVDUHDFKHDSHUVROXWLRQ0RUHRYHUZKHQXVLQJ
VLPXODWLRQV WKHUH LV WKH IOH[LELOLW\ RI LVRODWLQJ RU PRGLI\LQJ
FHUWDLQSDUDPHWHUVIURPWKHVWXGLHGFDVH
,QWKHILHOGRIPDULQHHQHUJ\RQHWKHVLPSOHVWDSSURDFKWR
LQYHVWLJDWHWKHSHUIRUPDQFHRIWLGDOVWUHDPWXUELQHV767VLV
%ODGH(OHPHQW0RPHQWXP7KHRU\%(077KHFRQVHUYDWLRQ
RI D[LDO DQG DQJXODU PRPHQWXP LV XVHG WR REWDLQ RQH VHW RI
HTXDWLRQV UHODWLQJ WKH SRZHU DQG WKUXVW JHQHUDWHG E\ D WLGDO
WXUELQH WR WKH D[LDO DQG DQJXODU LQGXFWLRQ IDFWRUV 7KHQ DQ
DQQXODU GLVN UHSUHVHQWLQJ WKH WXUELQH LV VSOLW LQWR VHYHUDO
HOHPHQWV LQ WKH UDGLDOGLUHFWLRQ7KHVHHOHPHQWVDUHDQDO\VHG
LQGHSHQGHQWO\DQGWKHQRUPDODQGWDQJHQWLDOIRUFHVDFWLQJRQ
HDFKVHFWLRQDUHGHULYHGLQWHUPVRIWKHLQGXFWLRQIDFWRUVXVLQJ
WKH NQRZQ WZRGLPHQVLRQDO DHURG\QDPLF FRHIILFLHQWV IRU WKH
EODGHJHRPHWU\7KHVHWZRVHWVRIHTXDWLRQVDUHWKHQFRPELQHG
WRVROYHIRUWKHXQNQRZQLQGXFWLRQIDFWRUVDQGIRUFHVWRREWDLQ
WKH SHUIRUPDQFH FKDUDFWHULVWLFV RI WKH WXUELQH XQGHU µVWHDG\¶
IORZFRQGLWLRQV>@
%(07 FDQ SURYLGH DQ DGHTXDWH VROXWLRQ WR PRGHO WKH
SHUIRUPDQFHRIKRUL]RQWDOWXUELQHVEXWWKHPHWKRGLVOLPLWHGLQ
FHUWDLQUHVSHFWV7KHFODVVLF%(07GRHVQRWWDNHLQWRDFFRXQW
WKHWLSDQGKXEORVVHVDQGLVOLPLWHGWRORZPHGLXPDQJOHVRI
DWWDFN+RZHYHUPRGLILFDWLRQVWRWKHEDVLFPRGHOFDQEHPDGH
E\DSSO\LQJFRUUHFWLRQIDFWRUVWRDFFRXQWIRUWKHVHOLPLWDWLRQV
DVGRQHE\>@5HVHDUFKHUVKDYHDOVRDOWHUHGWKHFODVVLFPRGHO
WRLQFRUSRUDWHDGGLWLRQDODVSHFWVVXFKDV\DZDQJOHHJ>@
DQGLQIORZWXUEXOHQFH>@
&)'LVDQRWKHUWHFKQLTXHWKDWLVZLGHO\XVHGLQWKHILHOGRI
PDULQHHQHUJ\&)'LVDPRUHFRPSOH[PHWKRGFRPSDUHG WR
%(07 DQG LV EDVHG RQ WKH 1DYLHU6WRNHV HTXDWLRQV 7KH
PHWKRGKDVEHHQXVHG WRH[SORUHYDULRXVDVSHFWVRI WKH ILHOG
VXFKDVZDNHFKDUDFWHULVDWLRQRIVLQJOHWXUELQHVDQGDUUD\V>@
>@ ORDGLQJ RQ WXUELQH FRPSRQHQWV >@ DQG WKH HIIHFWV RI
IORZGLUHFWLRQDOLW\>@WRQDPHDIHZ&RPSDUHGWR%(07
&)' FDQ EH XVHG WR FRPSXWH FRPSOH[ G\QDPLF VLPXODWLRQV
+RZHYHU WKHUH LV D FRPSURPLVH EHWZHHQ WKH OHYHO RI
FRPSOH[LW\ DQG WKH FRPSXWDWLRQDO WLPH UHTXLUHG WR VROYH WKH
VLPXODWLRQ
6HYHUDO VWXGLHV KDYH FRPSDUHG WKH SHUIRUPDQFH RI D WLGDO
WXUELQHXVLQJ%(07DQG&)'-RKQVRQHWDO>@SUHVHQWHGD
GLUHFWFRPSDULVRQRI WKHSHUIRUPDQFHRIDFURVV IORZWXUELQH
XVLQJ%(07DQG&)'$16<6&);7KHVWXG\VKRZHGWKDW
&)'SUHGLFWV PDUJLQDOO\ KLJKHU FRHIILFLHQWVRI SRZHU WKUXVW
DQGWRUTXHWKDQ%(07/DZVRQHWDO>@XQGHUWRRNDVLPLODU
VWXG\ XVLQJ %(07 DQG &)' 67$5 &&0 EXW WKLV WLPH
IRFXVLQJRQKRUL]RQWDOD[LVWLGDOWXUELQHV$JDLQLWZDVVKRZQ
WKDW WKH WRUTXHZDVRQO\ VOLJKWO\KLJKHUZKHQFRPSXWHGZLWK
&)'0RUHRYHU WKHDQDO\VLVFDUULHGRXWE\>@VKRZHGWKDW
&)'FRXOGSUHGLFWKLJKHUORZHURUSUHFLVHSRZHUFRHIILFLHQWV
FRPSDUHG WR%(07GHSHQGLQJRQ WKH WLSVSHHGUDWLR 765
7KHUHIRUHWKHVHVWXGLHVGHPRQVWUDWHWKDWWKHSHUIRUPDQFHRID
767FDQEHFDOFXODWHGWRDFRPSDUDEOHOHYHORIDFFXUDF\ZLWK
ERWK%(07DQG&)'PRGHOVXQGHUVLPSOHFRQGLWLRQV
$OO WKH &)' VLPXODWLRQV PHQWLRQHG DERYH VKDUHG VRPH
VLPLODULWLHVEHWZHHQ WKHFRQGLWLRQVXVHGLQ WKHLUPRGHOV7KH
ZRUNGRQHE\>@>@XVHGNRPHJDWXUEXOHQFHPRGHOVLQWKH
VLPXODWLRQV>@DQG>@XVHGQRVOLSFRQGLWLRQVRQWKHWXUELQH
VXUIDFHV ,WZDV LGHQWLILHG WKDW WKHPDLQGLVFUHSDQF\EHWZHHQ
PRGHOVZDVWKHJULGJHQHUDWLRQ(YHQWKRXJKERWKRIWKHPXVHG
XQVWUXFWXUHG JULGV >@ XVHG D FRPELQDWLRQ RI HOHPHQWV E\
VHWWLQJVXEGRPDLQVLQWKHVLPXODWLRQZKLOH>@GLGDVWXG\WR
XQGHUVWDQGWKHLPSOLFDWLRQVRIXVLQJGLIIHUHQWJULGUHVROXWLRQV
>@ IRXQG RXW WKDW D FRDUVHU FRPSXWDWLRQDO JULG UHVXOWHG LQ
ORZHUYDOXHVRI WRUTXHFRPSDUHG WR WKRVHREWDLQHGZLWKKLJK
UHVROXWLRQJULGV
7KHDLPRIWKLVSDSHULVWRGHWHUPLQHLIWKHHIIHFWVRIDEODGH
RIIVHWFDQDOVREHPRGHOOHGVXFFHVVIXOO\ZLWK%(07WKHUHE\
SURYLGLQJDVLPSOHUPHWKRGIRUSUHGLFWLQJEODGHSHUIRUPDQFH
LQ WKHVH FRQGLWLRQV FRPSDUHG WR UXQQLQJ D &)' PRGHO 7KH
ZRUNGHYHORSHGLQ%(07ZDVEDVHGRQDVLPSOLVWLFDSSURDFK
WRDFFRXQW IRUEODGHRIIVHWV LQD WLGDO WXUELQHURWRUZKHUH WKH
ORDGVFRPSXWHGIRUGLIIHUHQWEODGHSLWFKVHWWLQJVDUHFRPELQHG
SURSRUWLRQDOO\ WR FDOFXODWH WKH RYHUDOO SHUIRUPDQFH RI WKH
WXUELQHZLWKRQHRUWZREODGHVRIIVHWIURPWKHRSWLPXP7KH
UHVXOWV RI WKH VLPXODWLRQV DUH WKHQ FRPSDUHG WR &)'
VLPXODWLRQV DQG WKH SRZHU FRHIILFLHQWV REWDLQHG IURP
H[SHULPHQWDOGDWDWRDVVHVVWKHTXDOLW\RIERWKQXPHULFDOWRROV
,, 0(7+2'2/2*<
7KLV VHFWLRQ GHVFULEHV WKH QXPHULFDO DQG H[SHULPHQWDO
WHFKQLTXHVHPSOR\HGLQWKLVVWXG\WRTXDQWLI\WKHSHUIRUPDQFH
RI D VFDOHG WKUHH EODGHG KRUL]RQWDO D[LV WXUELQH RI  P
GLDPHWHU 7KH EODGH FURVVVHFWLRQ ZDV PRGHOOHG RQ WKH
:RUWPDQQ);DHURIRLOSURILOH7KHIXOOEODGHJHRPHWU\
LQFOXGLQJFKRUGDQGSLWFKGLVWULEXWLRQDORQJWKHEODGHUDGLXVLV
JLYHQLQ>@7KUHHIORZUHJLPHVRIDQGPVZHUH
XWLOLVHGWKURXJKRXWWKLVVWXG\7KLVYHORFLW\UDQJHDOVRHQDEOHG
VRPHLQYHVWLJDWLRQLQWRWKHLQIOXHQFHRI5H\QROGVQXPEHUDQG
WKHSRLQWRILQGHSHQGHQFH$FFRUGLQJWRSRZHUFXUYHVREWDLQHG
E\>@WKLVFDQEHVHHQLQWKHUDQJHRIDQGPV7KHEODGH
SLWFK RI RQH RU WZR EODGHV ZDV PRGLILHG IURP WKH RSWLPXP
FRQGLWLRQWRVLPXODWHWKHPLVDOLJQHGEODGHFDVHVDVGHVFULEHG
LQ7DEOH,7KHRIIVHWFDVHVSUHVHQWHGLQ7DEOH,ZHUHVHWXSWR
UHSOLFDWHWKH&)'GDWDSUHVHQWHGLQ>@DQG>@7KHPRGHO
VHWXSXVHG WRJHQHUDWH WKHGDWD IRUPHG WKHEDVLVRI WKH&)'
PRGHOOLQJXQGHUWDNHQIRUWKLVSDSHU
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   
   
   

7KHSDUDPHWHUVWKDWZLOOEHXVHGLQWKLVVWXG\WRFRPSDUHWKH
SHUIRUPDQFHRI WKHRSWLPXPDQGRIIVHWEODGHFDVHV ZLOOEH
WKH QRQGLPHQVLRQDO SRZHU DQG WKUXVW FRHIILFLHQWV 7KH
SRZHU FRHIILFLHQW &3 DQG WKUXVW FRHIILFLHQW &7 ZHUH
FDOFXODWHGDV

&3 3ȡ$9 
&7 7ȡ$9 

ZKHUH3DQG7DUHWKHFDOFXODWHGDYHUDJHSRZHUDQGWKUXVW
JHQHUDWHGE\WKHURWRUUHVSHFWLYHO\$LVWKHVZHSWDUHDRIWKH
URWRUDQG9GHQRWHVWKHXQLGLUHFWLRQDOIORZYHORFLW\LQWKLV
VWXG\LWYDULHGIURP±PV
7KH&3DQG&7YDOXHVIURPHDFKWHVWFDVHRUVLPXODWLRQDUH
SUHVHQWHG DV D IXQFWLRQ RI WKH WLS VSHHG UDWLR 765 765
GHQRWHV WKH UDWLREHWZHHQ WKHEODGH WLS VSHHG DQG WKH IORZ
YHORFLW\9DQGFDQEHFDOFXODWHGDV

765 ȍU9 

ZKHUHUUHSUHVHQWVWKHUDGLXVRIWKHURWRUDQGȍLVWKHDQJXODU
YHORFLW\ RI WKH WXUELQH JLYHQ LQ UDGV ,Q WKH FDVH RI WKH
H[SHULPHQWDOGDWDWKHDYHUDJHYDOXHVRI&7&3DQG765ZHUH
FRPSXWHGIURPHDFKWHVWUXQ
$ &RPSXWDWLRQDOIOXLGG\QDPLFV
$&)'PRGHOZDVVHWXSXVLQJ$16<6&);&);VROYHV
WKH5H\QROGVDYHUDJHG1DYLHU6WRNHV5$16HTXDWLRQVZKLFK
LQWKLVFDVHZHUHFORVHGXVLQJWKH6KHDU6WUHVV7UDQVSRUW667
NȦWXUEXOHQFHPRGHO7KH667NȦPRGHOZDVXVHGDVLWKDV
EHHQVKRZQE\>@>@DQG>@WREHWKHEHVWVXLWHGWRWKH
ZRUNEHLQJFDUULHGRXW
7KHJHRPHWU\FRQVLVWHGRIDFRQWUROYROXPHZLWKGLPHQVLRQV
POHQJWK[PEUHDGWK[P KHLJKW )LJXUH7KH
WXUELQH ZDV SODFHG ' GRZQVWUHDP IURP WKH LQOHW DQG '
XSVWUHDPIURPWKHRXWOHW7KHGLPHQVLRQVZHUHFKRVHQDVWKH
ERXQGDULHV KDYH EHHQ VKRZQ WR KDYH QR HIIHFW RQ WKH
SHUIRUPDQFHFKDUDFWHULVWLFVRIWKHWXUELQH:DNHDQDO\VLVZDV
QRWFRQVLGHUHGLQWKLVVWXG\:LWKWKHGLPHQVLRQVVSHFLILHGWKH
EORFNDJHUDWLRZDVZKLFKLVGHHPHGDFFHSWDEOHDQGKDVD
QHJOLJLEOHHIIHFWRQWKHUHVXOWV>@
7KHLQOHWZDVJLYHQDXQLIRUPIORZDQGDWXUEXOHQFHLQWHQVLW\
RI  ZKLFK GLVVLSDWHG WR DSSUR[LPDWHO\  DW WKH URWRU
ZKLFKLVVLPLODUWRWKHWXUEXOHQFHLQWHQVLW\LQWKHH[SHULPHQWV
1RWHWKDWDUHGXFWLRQLQWKLVSDUDPHWHUDWWKHLQOHWGLGQRWDIIHFW
WKH UHVXOWV DV WKH WXUEXOHQFH LQWHQVLW\ GLVVLSDWHV UDSLGO\
WKURXJKRXWWKHGRPDLQZKHQXVLQJ5$16DVFDQEHVHHQE\WKH
FKDQJHEHWZHHQWKHWXUEXOHQFHLQWHQVLW\DWWKHLQOHWDQGDWWKH
URWRU7KHODWHUDODQGXSSHUERXQGDULHVZHUHDOOVHWWRIUHHVOLS
ZDOOVZLWKDSUHVVXUHRXWOHWDWWKHHQGRIWKHGRPDLQ


)LJ&)'PRGHODQGFRQWUROYROXPH

7KUHH VHSDUDWH F\OLQGHUV ZHUH GUDZQ WR HQFRPSDVV HDFK
EODGHZKLFKZDVWKHQVXEVHTXHQWO\VHSDUDWHGIURPWKHKXESDUW
ZD\DORQJ WKHEODGHSLQ$SDUDPHWHUZDV WKHQDGGHGZKLFK
DOORZHGHDFKEODGHWREHURWDWHGDERXWWKHFHQWUHRIWKHEODGH
SLQVRWKDWWKHGHVLUHGRIIVHWIRUHDFKEODGHFRXOGEHVHWSULRUWR
HDFKUXQZLWKRXWWKHQHHGIRUHGLWLQJWKHJHRPHWU\
7RVLPXODWHURWRUURWDWLRQD0RYLQJ5HIHUHQFH)UDPH05)
ZDVXVHGZKHUHDURWDWLQJFRPSRQHQWLVDGGHGWRWKHIOXLGDERXW
WKHURWDWLRQDOD[LVRIWKHWXUELQH7RVHWWKH05)DF\OLQGHURI
GLDPHWHU  P ZDV FUHDWHG DURXQG WKH WXUELQH DV VKRZQ LQ
)LJXUHDQG)LJXUH ,QIRUPDWLRQZDVSDVVHGEHWZHHQ WKH
F\OLQGHUDQGVXUURXQGLQJGRPDLQXVLQJDGRPDLQLQWHUIDFH$Q
DQJXODUYHORFLW\ZDVDVVLJQHGWRWKH05)FRUUHVSRQGLQJWRWKH
UHTXLUHG765VRWKDWWKHURWDWLRQRIWKHWXUELQHZDVVLPXODWHG
DWHDFKWLPHVWHS
7KH WRWDO QXPEHU RI HOHPHQWV LQ WKH GRPDLQV ZDV FLUFD 
PLOOLRQXQVWUXFWXUHGWHWUDKHGUDOHOHPHQWV7KHURWDWLQJGRPDLQ
FRQWDLQHG WKH PDMRULW\ FRQVLVWLQJ RI  PLOOLRQ HOHPHQWV
0DQXDOPHVKUHILQHPHQWLQWHUPVRIIDFHVL]LQJVZHUHSODFHG
RQ WKH EODGH WLS PLGVHFWLRQ URRW DQG KXE 7KH VL]LQJ ZDV
VHOHFWHG EDVHG RQ WKH ZRUN GRQH E\ >@ DQG >@ ZKR
H[WHQVLYHO\PRGHOOHGWKH WXUELQHJHRPHWU\DQGVKRZHGPHVK
LQGHSHQGHQFH 6LPLODUO\ WKH LQWHUIDFH EHWZHHQ WKH WZR
GRPDLQV ZDV UHILQHG WR SURGXFH FRPSDUDEOH PHVK VL]LQJ
DOORZLQJ WKH SUHVHUYDWLRQ RI DOO WHUPV DFURVV WKH LQWHUIDFH
7KHVHPHVKSDUDPHWHUVZHUHXQFKDQJHGIRUDOOFDVHVRIEODGH
RIIVHW
















)LJ7XUELQHJHRPHWU\IRUWKH&)'PRGHO

%RWKDWUDQVLHQWDQGVWHDG\VWDWHPRGHOZHUHUXQXQGHUWKH
VDPHFRQGLWLRQV WRGHWHUPLQHDQ\GLIIHUHQFH LQSHUIRUPDQFH
7KH05)PHQWLRQHGHDUOLHUZDVXVHGWRVLPXODWHWKHURWDWLRQ
RI WKH WXUELQH LQERWK FDVHV 7KHGLIIHUHQFHEHWZHHQ WKH WZR
DSSURDFKHVLVWKDW WKHVWHDG\VWDWHPRGHO LV WLPHLQGHSHQGHQW
DQG WKH PHVK LV IL[HG VR WKH WXUELQH LVQRW URWDWLQJ WKHUHIRUH
SURGXFLQJ D ILQDO VLQJOH WLPH DYHUDJHG YDOXH 7KH WUDQVLHQW
PRGHOLQFRPSDULVRQDOORZVWKHSHUIRUPDQFHRIWKHWXUELQHWR
EHPRQLWRUHGZLWKUHVSHFWWRWLPHWKURXJKRXWWKHURWDWLRQLH
WKHWXUELQHDQGWKHPHVKURWDWHZLWKUHVSHFWWRWKHWLPHVWHS
7DEOH ,, VKRZV WKH UHVXOWV IURP ERWK WKH VWHDG\VWDWH DQG
WUDQVLHQWPRGHOV IRUD765RIDIORZYHORFLW\RIPV
DQGDSLWFKRIWKXVEHLQJWKHRSWLPXPFRQGLWLRQVHH7DEOH
,7KHUHVXOWVIURPWKHVWHDG\VWDWHDQGWUDQVLHQWPRGHOVDUHLQ
FORVHDJUHHPHQWIRUERWK&3DQG&7
7KHWUDQVLHQWPRGHOZDVUXQIRUDWRWDOWLPHRIVHFRQGV
ZLWK WLPH VWHSV RI  VHFRQGV DQG WRRN DSSUR[LPDWHO\ 
KRXUVWRVROYH,QFRPSDULVRQWKHVWHDG\VWDWHPRGHOUHDFKHG
FRQYHUJHQFH LQ XQGHU  LWHUDWLRQV DIWHU  KRXUV $V WKH
UHVXOWVIURPWKHWZRPRGHOVZHUHVLPLODUEXWWKHWUDQVLHQWUXQV
ZHUH IDU PRUH FRPSXWDWLRQDOO\ H[SHQVLYH WKH VWHDG\VWDWH
DSSURDFKZDVDGRSWHGIRUWKHUHPDLQGHURIWKHPRGHOVLQWKLV
VWXG\

7$%/(,,
&2()),&,(1762)32:(5$1'7+5867&$/&8/$7(')5207+(&)'02'(/
)257+(237,080%/$'(3,7&+&$6(
0RGHO &3 &7
7UDQVLHQW  
6WHDG\6WDWH  
RIGLIIHUHQFH  

% %ODGHHOHPHQWPRPHQWXPWKHRU\
$V PHQWLRQHG LQ 6HFWLRQ , %(07 LV WKH FRPELQDWLRQ RI
PRPHQWXPWKHRU\DQGEODGHHOHPHQWWKHRU\ZKLFKUHVXOWVLQD
VHWRIHTXDWLRQVWRFRPSXWHSRZHUDQGWKUXVWRID7677KHVH
HTXDWLRQVFDQQRWEHVROYHGXQOHVV WKH OLIW &ODQGGUDJ&G
FRHIILFLHQWV RI WKH DHURIRLO SURILOH DUH NQRZQ 7KHUH DUH
GLIIHUHQWDSSURDFKHVWRREWDLQWKLVGDWD'HSHQGLQJRQWKHEODGH
SURILOH VRPHH[SHULPHQWDOGDWDPD\EHDYDLODEOH HJ >@
+RZHYHUWKLVGDWDRIWHQUHODWHVWRYHU\VSHFLILFIORZYHORFLWLHV
DQGEODGHJHRPHWU\7KHUHIRUHDQRWKHUPHWKRGLVWRREWDLQWKH
FRHIILFLHQWVQXPHULFDOO\ZLWK&)'RURWKHUH[LVWLQJWRROVHJ
;IRLO3URILO
;IRLO LV D WZRGLPHQVLRQDO YRUWH[ SDQHO FRGH XVHG WR
HYDOXDWHWKHIORZDURXQGDHURIRLOV>@;IRLOKDVEHHQZLGHO\
XVHGWRVWXG\DHURIRLODHURG\QDPLFVRIDLUFUDIWVDQGUHQHZDEOH
HQHUJ\ WHFKQRORJ\ HJ ZLQG DQG WLGDO WXUELQH EODGHV
0RUJDGRHWDO>@FRPSDUHG&ODQG&GFRHIILFLHQWVFRPSXWHG
IURP&)'DQG;IRLOIRUWZRDHURIRLOW\SHV,WZDVIRXQGWKDW
;IRLOLVDFFXUDWHLQSUHGLFWLQJ&ODQG&GIRUKLJKOLIWDHURIRLOV
DW ORZ 5H\QROGV QXPEHUV RI DURXQG   î     +RZHYHU
0ROODQGHWDO>@VKRZHGWKDW;)RLOLVFDSDEOHRISUHGLFWLQJ
&OV ZLWKLQ D UHDVRQDEOH PDUJLQ EXW LW XQGHU SUHGLFWV &GV
HVSHFLDOO\ DW DQJOHV RI DWWDFN KLJKHU WKDQ  6LPLODUO\
3RUWHUHW DO >@ VKRZHG WKDWXVLQJ;IRLO FRHIILFLHQWVDW ORZ
5H\QROGV QXPEHUV 5H    [  UHVXOWHG LQ SRRUHU
SUHGLFWLRQVFRPSDUHGWRXVLQJH[SHULPHQWDOGDWDLQWKHPRGHO
5H [(YHQWKRXJKWKHDXWKRUVUHFRJQLVHWKDW;IRLO
LVOLPLWHGLQFHUWDLQDVSHFWVLWZDVXVHGLQWKLVVWXG\WRFRPSXWH
WKHWZRGLPHQVLRQDO&ODQG&GFRHIILFLHQWVDVWKLVLQIRUPDWLRQ
LVQRWDYDLODEOH IURPH[LVWLQJH[SHULPHQWDOGDWD IRU WKHFDVHV
FRQVLGHUHGLQWKLVVWXG\7DEOH,,,JLYHVWKH5H\QROGVQXPEHUV
IRUWKHWKUHHYHORFLW\FRQGLWLRQVXVHGLQ;IRLO
7$%/(,,,
5(<12/'6180%(5686(',1;)2,/)25($&+2)7+()/2:9(/2&,7<&$6(6
PV PV PV
( ( (

7KH%(07PRGHOXVHGLQWKLVLQYHVWLJDWLRQZDVGHYHORSHG
DW 6WUDWKFO\GH 8QLYHUVLW\ >@ 7R DFFRXQW IRU VRPH RI WKH
OLPLWDWLRQVRI%(073UDQGWOWLSDQGKXEORVVFRUUHFWLRQIDFWRUV
ZHUHXWLOLVHGZKHUHWKHD[LDOURWDWLRQDOLQGXFWLRQIDFWRUVZHUH
PRGLILHG LQ WKH %(07 FDOFXODWLRQV 7R HVWLPDWH KLJK IORZ
DQJOHV GXULQJ SRVW VWDOO YDOXHV WKH 9LWHUQD&RUULJDQ PHWKRG
ZDVDSSOLHG>@
7KHZRUNGHYHORSHGLQ%(07IRUWKLVVWXG\ZDVEDVHGRQ
D VLPSOLVWLF DSSURDFK WR DFFRXQW IRU EODGH RIIVHWV LQ D WLGDO
WXUELQH URWRU 7KHUHIRUH WR REWDLQ WKH SRZHU DQG WKUXVW
JHQHUDWHGE\DWXUELQHZLWKDPLVDOLJQHGEODGHVHSDUDWHPRGHO
UXQV ZLWK GLIIHUHQW SLWFK VHWWLQJV ZHUH FRPELQHG OLQHDUO\
)LUVWO\WKH%(07PRGHOZDVUXQIRUWKHRSWLPDOFDVHZLWKD
EODGHSLWFKRI7KHQDVHFRQGUXQZDVXQGHUWDNHQZLWKDOO
WKUHHRI WKHEODGHV VHW WR WKHGHVLUHG RIIVHW FRQGLWLRQ HJ DOO
EODGHVZLWKRUSLWFKVHWWLQJGHSHQGLQJRQWKHFDVHEHLQJ
PRGHOOHGVHH7DEOH,7KHQDFFRUGLQJWRWKHVWXGLHGFDVHWKH
YDOXHVRIWRUTXHDQGWKUXVWIRUWKHRSWLPDODQGRIIVHWFDVHVZHUH
FRPELQHG)RUH[DPSOHDWKLUGRIWKHWRUTXH4RUWKUXVW7
RIWKHRIIVHWFDVHZDVXVHGLQFRPELQDWLRQZLWKWZRWKLUGVRI
WKH WRUTXH RU WKUXVW JHQHUDWHG E\ WKH WXUELQH DW RSWLPXP
FRQGLWLRQV7KHUHIRUHWKHRYHUDOOSHUIRUPDQFHRIWKHWXUELQHLQ
WKHFDVHRIRQHEODGHRIIVHWZDVTXDQWLILHGDV
4WRWDO 4RIIVHW4RSW
7WRWDO 7RIIVHW7RSW

IRU D UDQJH RI 765 YDOXHV 6LPLODUO\ IRU WKH FDVH ZLWK WZR
EODGHVZLWKGLIIHUHQWRIIVHWV&DVH7DEOH,UGRIHDFKRI
WKH WZR RIIVHW FDVHV DQG UG RI WKH RSWLPXP FDVH ZHUH
FRPELQHG
,W LV WKH DLP RI WKLV SDSHU WR GHWHUPLQH ZKHWKHU VXFK D
VLPSOLVWLF EXW FRPSXWDWLRQDOO\ LQH[SHQVLYH DSSURDFK FDQ
SURYLGHDUHDVRQDEOHHVWLPDWLRQRIWXUELQHSHUIRUPDQFHXQGHU
WKHVHFRQGLWLRQVRUZKHWKHUDPRUHFRPSOH[SK\VLFDOO\EDVHG
DSSURDFKLVUHTXLUHGZKHQPRGHOOLQJPLVDOLJQHGEODGHV
& 7HVWFDPSDLJQ
,QRUGHUWRDVVHVVWKHUHVXOWVREWDLQHGIURPWKH%(07DQG
&)'PRGHOVWKHVHZHUHFRPSDUHGZLWKWKHH[SHULPHQWDOGDWD
DYDLODEOHLQ>@7KHWHVWVZHUHFDUULHGRXWDWWKHIOXPHIDFLOLW\
DWWKH8QLYHUVLW\RI/LYHUSRROZLWKDZRUNLQJVHFWLRQRI[
[PXVLQJWKHVDPHPGLDPHWHUWXUELQHGHVFULEHG
LQ6HFWLRQ,,$DVZDVXVHGLQWKH&)'DQG%(07VLPXODWLRQV
$EORFNDJHUDWLRRIZDVFDOFXODWHG7KHWXUELQHKXEFHQWUH
ZDV LQVWDOOHG  P EHORZ VWLOO ZDWHU OHYHO $ SULRU WHVWLQJ
FDPSDLJQFDUULHGRXWE\>@LQWKHIDFLOLW\GHPRQVWUDWHGWKDW
WKH IOXPH KDV D WXUEXOHQFH LQWHQVLW\ RI DERXW  IRU IORZ
YHORFLWLHVEHWZHHQDQGPV
$PRWRUZDVHPSOR\HGWRFRQWUROWKHWXUELQHE\IL[LQJHLWKHU
WKHURWRUVSHHGWRWKHGHVLUHGYDOXHGXULQJHDFKWHVWUXQ7RUTXH
ZDVGHULYHGE\ORJJLQJWKHWRUTXHJHQHUDWLQJFXUUHQWJHQHUDWHG
E\ WKH URWRU $GGLWLRQDOO\ WKH WXUELQH ZDV HTXLSSHG ZLWK D
FXVWRPEXLOWVWUDLQJDXJLQJV\VWHPWRPHDVXUHWKHIRUFHVDWWKH
URRWRIRQHRIWKHEODGHV6LQFHWKLVV\VWHPGLGQRWLQFRUSRUDWH
WKHIXOOURWRUWKHPHDVXUHPHQWVRIURRWIRUFHVZHUHQRWXVHGLQ
WKLVVWXG\)XUWKHULQIRUPDWLRQDERXWWKHWHVWFDPSDLJQFDQEH
IRXQGLQ>@
,,, 5(68/76$1'',6&866,21
7KHILUVWSDUWRIWKLVVHFWLRQSUHVHQWVWKHFRPSDUDWLYHUHVXOWV
EHWZHHQ %(07 &)' DQG WKH H[SHULPHQWDO RXWFRPHV 7KH
UHVXOWV DUH VKRZQ LQ WHUPV RI SRZHU &3 DQG WKUXVW &7
FRHIILFLHQWV RYHU D UDQJH RI WXUELQH URWDWLRQDO VSHHGV %RWK
FRHIILFLHQWVZHUHFDOFXODWHGDFFRUGLQJWRWKHQRQGLPHQVLRQDO
IRUPDVGHVFULEHGLQ6HFWLRQ,,7KHVHFRQGSDUWRIWKHVHFWLRQ
VKRZV WKHGLIIHUHQFH LQ&3DQG&7EHWZHHQ WKHRSWLPXPDQG
WKHRIIVHWFDVHV
& &RPSDUDWLYHDQDO\VLVRISRZHUFRHIILFLHQW
)LJXUHV VKRZ WKH UHVXOWV IRU&3REWDLQHGXVLQJ%(07
DQG&)'RIWKHVPDOOVFDOH767ZRUNLQJDWPV7KH
UHVXOWVZHUHFRPSDUHGWRWKHH[SHULPHQWDOGDWDREWDLQHGLQ>@
7KH%(07PRGHO SURYLGHV D UHDVRQDEOHSUHGLFWLRQ RI WKH
RSWLPXPFDVHFRPSDUHGWRWKHH[SHULPHQWDOGDWDIRUHDFKIORZ
FRQGLWLRQ7KHSUHGLFWLRQLVVOLJKWO\EHWWHUIRUIORZYHORFLWLHVRI
 DQG  PV ZKLFK PD\ EH UHODWHG WR KLJKHU 5H\QROGV
QXPEHUVDQGWKHDELOLW\RI;IRLOWRSUHGLFWEHWWHU&ODQG&GGDWD
LQVXFKIORZFRQGLWLRQV7KHFRPSDULVRQLVDOVRUHDVRQDEOHIRU
WKHRIIVHW&DVHRIIVHWDQGHYHQ&DVHRIIVHW IRU
ERWKDQGPV+RZHYHU&DVHFDVHZLWKWZRRIIVHW
EODGHV SUHVHQWV KLJKHU GLVFUHSDQFLHV ZKHQ FRPSDUHG WR WKH
H[SHULPHQWDOGDWD7KLVZDVWREHH[SHFWHGDVWKHWKUHHGLIIHUHQW
VLPXODWLRQVXVLQJEODGHSLWFKRIDQGGHJUHHVZHUHXVHG
WRFRPSXWH&DVH7KXVWKHQXPHULFDOHUURUHVWLPDWLRQRIHDFK
RIWKHFDVHVFRPELQHDQGLQFUHDVHWKHHUURULQWKHUHVXOWV$OVR
WKH XVH RI D VLPSOLVWLF DSSURDFK XVLQJ %(07 WR PRGHO WKH
SHUIRUPDQFHRIDWLGDOWXUELQHGXULQJRIIGHVLJQFRQGLWLRQVLV
OLPLWHGZKHQWKHUHDUHODUJHSHUWXUEDWLRQVRQWKHEODGHV7KLV
OLPLWDWLRQVLVSHUKDSVGXHWRZDNHHIIHFWVDVVRFLDWHGZLWKWKH
EODGHRIIVHWWKDWFRXOGQRWEHDFFRXQWHGXVLQJDOLQHDUDSSURDFK
)RUHDFKRI WKHFDVHV&)'SUHGLFWVKLJKHU&3YDOXHV WKDQ
WKH H[SHULPHQWDO GDWD HVSHFLDOO\ DW  DQG  PV 7KLV
GLVFUHSDQF\ ZDV VHHQ IRU WKH RSWLPXP DQG WKH RIIVHW FDVHV
HTXDOO\+RZHYHUWKHPDWFKLVVOLJKWO\EHWWHUWKDQWKDWREWDLQHG
IURP%(07DWPVDWSHDN765V
7RYLVXDOLVHWKHVFDWWHUIURPWKHH[SHULPHQWVWKHVWDQGDUG
GHYLDWLRQRI&3ZDV LQFOXGHGLQ)LJXUH ,WFDQEHREVHUYHG
WKDWIRUPRVWRIWKHFDVHV WKH%(07SUHGLFWLRQLVZLWKLQWKH
VWDQGDUG GHYLDWLRQ PDUJLQV REWDLQHG LQ WKH H[SHULPHQWV ,Q
FRPSDULVRQ WKH &3 REWDLQHG ZLWK WKH &)' PRGHO LV DOZD\V
KLJKHU WKDQ WKH H[SHULPHQWV DQG %(07 +DYLQJ KLJKHU
GLVFUHSDQFLHVEHWZHHQ&)'DQGWKHH[SHULPHQWVLVXQH[SHFWHG
7KHUHIRUH DGGLWLRQDO SDUDPHWHUV UHODWHG WR WKH &)'
PHWKRGRORJ\ZLOOEHH[SORUHGDQGGLVFXVVHGLQ6HFWLRQ,,,)

)LJ&)'%(07DQGH[SHULPHQWDOUHVXOWVVKRZLQJWKH&3DWPV

)LJ&)'%(07DQGH[SHULPHQWDOUHVXOWVVKRZLQJWKH&3DWPV

)LJ&)'%(07DQGH[SHULPHQWDOUHVXOWVVKRZLQJWKH&3DWPV
& 3
& 3
& 3

)LJ&RPSDUDWLYHUHVXOWVRI&3LQFOXGLQJWKHVWDQGDUGGHYLDWLRQYDOXHVRI
WKHH[SHULPHQWVDWPV

' &RPSDUDWLYHDQDO\VLVRIWKUXVWFRHIILFLHQW
7KH FRPSDUDWLYH UHVXOWV RI &)' DQG %(07 RI WKUXVW
FRHIILFLHQWVDUHGHSLFWHGLQ)LJXUHV&RPSDUHGWRWKHSRZHU
FRHIILFLHQWWKHUHVHHPVWREHDODUJHUGLVFUHSDQF\RIWKHUHVXOWV
EHWZHHQWKHQXPHULFDOPRGHOVHYHQIRUWKHRSWLPDOFDVHV7KLV
GLVFUHSDQF\ LQFUHDVHV ZLWK WKH 765 ZKHUH WKH &7 YDOXHV
FDOFXODWHG XVLQJ &)' DUH DERXW  KLJKHU DW 765  $V
PHQWLRQHG EHIRUH WKH H[SHULPHQWDO &7 YDOXHV IURP WKH WHVW
FDPSDLJQ>@GLGQRWVHHPWREHFRPSDUDEOHWRWKHVLPXODWLRQV
GRQH LQ WKLV VWXG\ DQG WKXV WKHVH UHVXOWV DUH RPLWWHG LQ WKLV
VHFWLRQ
,W LV LPSRUWDQW WR SRLQW RXW WKDW DFFRUGLQJ WR WKH DXWKRUV¶
NQRZOHGJHWKLVLVWKHILUVWWLPHWKDW%(07DQG&)'KDYHEHHQ
XVHGWRSUHGLFWWKHSHUIRUPDQFHRID767ZLWKPLVDOLJQPHQWLQ
EODGHV %RWK QXPHULFDO PHWKRGV FDQ EH XVHG WR SUHGLFW LI D
VOLJKW EODGH PLVDOLJQPHQW KDV FDXVHG GHWULPHQWDO HIIHFWV LQ
SRZHUZKLFKKDVEHHQDUJXHGE\>@

)LJ%(07DQG&)'UHVXOWVVKRZLQJWKH&7DWPV

)LJ&)'DQG%(07UHVXOWVVKRZLQJWKH&7DWPV

)LJ&)'DQG%(07UHVXOWVVKRZLQJWKH&7DWPV
( 9DULDWLRQRISRZHUDQGWKUXVWFRHIILFLHQWVEHWZHHQ
RSWLPXPDQGRIIVHWFDVHV
7KHGLIIHUHQFHEHWZHHQWKHRSWLPXPDQGWKHRIIVHWUHVXOWVLV
SUHVHQWHG LQ )LJXUHV  7KLV HVWLPDWLRQ LV LQFOXGHG WR
XQGHUVWDQG LI ERWK PRGHOV SUHGLFW WKH VDPHSURSRUWLRQRI &3
DQG &7 ORVW RU JDLQHG ZKHQ WKH WXUELQH KDV D PLVDOLJQHG
EODGHV
,WFDQEHREVHUYHGLQ)LJXUHVWKDWWKHVDPHDPRXQWRI
&3 YDULDWLRQ LV REWDLQHG IRU ERWK QXPHULFDO PRGHOV DQG WKH
H[SHULPHQWV  DW OHDVW IRU SHDN 765V 765 DQG IRU WKH
FDVHVZLWKRQO\RQHPLVDOLJQHGEODGHDQGPLQLPDOSLWFKRIIVHW
&DVH$SDUWIURPVXFKFDVHVWKHH[SHULPHQWDOGDWDVKRZV
KLJKHUGLIIHUHQFHVIRU&DVHVDQGFRPSDUHGWRWKHQXPHULFDO
PRGHOV %RWK QXPHULFDO PRGHOV VKRZ VLPLODU YDULDWLRQV IRU
&DVHVDQGDWSHDN765V
)RUWKH&7YDULDWLRQERWKQXPHULFDOPRGHOVSUHGLFWVLPLODU
GLIIHUHQFHVIRUWKHIORZYHORFLWLHVRIDQGPVDQG&DVHV
DQG+LJKHUGLVFUHSDQFLHVZHUHREWDLQHGIRUWKHVWXG\DW
PVDQG&DVHIRUHDFKRIWKHIORZYHORFLWLHVDJDLQSRVVLEO\
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GXHWRORZHU5H\QROGV1XPEHUVDQGWKHFRPSOH[LW\RIKDYLQJ
WZRPLVDOLJQHGEODGHVZLWKDGLIIHUHQWRIIVHW
7KHK\SRWKHVLVRIPRGHOOLQJEODGHPLVDOLJQPHQWSUREOHPV
LQ D %(07 PRGHO XVLQJ D OLQHDU VROXWLRQ DV D ILUVW
DSSUR[LPDWLRQVHHPVWREHDQDSSURSULDWHDSSURDFKIRUFDVHV
ZKHQ RQO\ RQH EODGH SUHVHQWV D VPDOO PLVDOLJQPHQW 7KH
XQVWHDG\EODGH ORDGLQJDQG WRUTXH WKDW LVEHLQJGHYHORSHG LQ
WKHRWKHU FDVHV VXJJHVWV WKDW WKHSUREOHP LV QRQOLQHDU ZKHQ
ODUJHSHUWXUEDWLRQVLQEODGHRIIVHWDUHSUHVHQW
7KHODWWHUVKRXOGQRWEHDSUREOHPZKHQXVLQJ&)'DVWKLV
QXPHULFDO PRGHOOLQJ WHFKQLTXH WUHDWV WKH SUREOHP XVLQJ D
SK\VLFV EDVHG DSSURDFK +RZHYHU JLYHQ WKH GLVFUHSDQFLHV
EHWZHHQ&)'DQGWKHH[SHULPHQWVLWZDVGHHPHGQHFHVVDU\WR
IXUWKHUDQDO\VHWKHOLPLWDWLRQVRIWKH&)'PRGHOLPSOHPHQWHG
LQWKLVVWXG\7KHUHIRUHWKHQH[WVHFWLRQZLOOLQFOXGHDGGLWLRQDO
&)'FDVHVZKHUHWKHHIIHFWVRIFRQWUROYROXPHJHRPHWU\RIWKH
WXUELQH IORZ VSHHG DQG FKDQJHV LQ ERXQGDU\ FRQGLWLRQV DUH
FRQVLGHUHG


)LJ'LIIHUHQFHLQ&3EHWZHHQWKHRSWLPXPDQGWKHRIIVHWFDVHVDWPV

)LJ'LIIHUHQFHLQ&3EHWZHHQWKHRSWLPXPDQGWKHRIIVHWFDVHVDWPV

)LJ'LIIHUHQFHLQ&3EHWZHHQWKHRSWLPXPDQGWKHRIIVHWFDVHVDWPV

)LJ'LIIHUHQFHLQ&7EHWZHHQWKHRSWLPXPDQGWKHRIIVHWFDVHVDWPV

)LJ'LIIHUHQFHLQ&7EHWZHHQWKHRSWLPXPDQGWKHRIIVHWFDVHVDWPV
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)LJ'LIIHUHQFHLQ&7EHWZHHQWKHRSWLPXPDQGWKHRIIVHWFDVHVDWPV


) &)'VLPXODWLRQDQDO\VLV
$VGLVFXVVHGLQWKHLQWURGXFWLRQWKHOHYHORIGHWDLOWKDWFDQ
EH DFKLHYHG LQ &)' VLPXODWLRQV ZLOO GHSHQG RQ WKH
UHTXLUHPHQWV RI WKH PRGHO RXWFRPHV 'HSHQGLQJ RQ WKH
SDUDPHWHUV VHOHFWHG IRU WKH PRGHO WKHVH ZLOO KDYH ORZKLJK
LPSDFW LQ WKH VROXWLRQ ,Q RUGHU WR EHWWHU XQGHUVWDQG WKH
GLVFUHSDQFLHVEHWZHHQERWKQXPHULFDOPRGHOV%(07DQG&)'
IRXUDGGLWLRQDOFDVHVZHUHH[SORUHGXVLQJ&)'IRUWKHRSWLPXP
SLWFKVHWWLQJRIGHJUHHVDQGWKHIORZYHORFLW\RIPV
7KH &)' SDUDPHWHUV FKDQJHG LQ WKH PRGHO GHVFULEHG LQ
6HFWLRQ,,$ZHUHUHODWHG WR WKHL WXUELQHJHRPHWU\ LL WKH
FRQWURO YROXPH DQG LLL WKH IORZ YHORFLW\ 7KH WXUELQH
JHRPHWU\ZDVPRGLILHGE\LQFOXGLQJDVWDQFKLRQVLPLODUWRWKH
RQHXVHG LQ WKHH[SHULPHQWV7KHFRQWUROYROXPHGLPHQVLRQV
ZHUHGHFUHDVHGWRPDWFKWKHH[SHULPHQWDOFRQGLWLRQV)RUWKH
WKLUGVHWWLQJ WKH IORZYHORFLW\ZDV LQFUHDVHG IURP WR
PVWRLQYHVWLJDWHWKHLQIOXHQFHRI5H\QROGVQXPEHU)LQDOO\
WKHIRXUWKVHWWLQJLQYHVWLJDWHGLQWKLVVHFWLRQZDVWKHLQIOXHQFH
RIXVLQJWKHQRVOLSFRQGLWLRQLQWKHVLPXODWLRQWKDWKDYHEHHQ
XVHGE\>@DQG>@
)LJXUHVDQGVKRZWKHFRPSDULVRQEHWZHHQWKHRULJLQDO
&)'VLPXODWLRQVFRPSDUHGWRWKHQHZFDVHV7KH%(07DQG
H[SHULPHQWDO YDOXHV ZHUH DOVR LQFOXGHG ZKHUH SRVVLEOH WR
YLVXDOLVH WKH HIIHFWV RI FKDQJLQJ WKH SDUDPHWHUV LQ WKH &)'
PRGHO
,WFDQEHREVHUYHGWKDWDGGLQJWKHVWDQFKLRQWRWKHWXUELQH
JHRPHWU\UHVXOWHGLQDGHFUHDVHRISRZHUDQGWKUXVWFRHIILFLHQW
RIDERXWDQGUHVSHFWLYHO\,QFOXGLQJWKHVWDQFKLRQ
LQWKHJHRPHWU\ZRXOGPRGLI\WKHZDNHHIIHFWVDQGWKXVDIIHFW
WKH SHUIRUPDQFH RI WKH WXUELQH DW WKLV VWDJH WKH IUHH VOLS
FRQGLWLRQ ZDV VWLOO XVHG 7KH SDUDPHWHU WKDW LQIOXHQFHG WKH
VLPXODWLRQOHDVWZDVWKHIORZYHORFLW\7KHUHVXOWVEHWZHHQWKH
RULJLQDO VLPXODWLRQ DW  PV DQG WKH RQH DW  PV RQO\
UHVXOWHGLQDGLIIHUHQFHRIDQGUHVSHFWLYHO\+DYLQJ
DQRVOLSERXQGDU\FRQGLWLRQXVLQJDWXUELQHZLWKDQGZLWKRXW
VWDQFKLRQ DOVR UHVXOWHG LQ VLPLODU RXWFRPHV +RZHYHU
FKDQJLQJWKHFRQWUROYROXPHDGGLQJDVWDQFKLRQDQGXVLQJDQR
VOLSFRQGLWLRQVKRZHGDVLJQLILFDQWLPSURYHPHQWRQWKHPDWFK
EHWZHHQ&)'DQG%(078VLQJ WKLV ODVWVHWWLQJPD\KDYHD
ODUJH LQIOXHQFH ZKHQ VWXG\LQJ WKH HIIHFWV RI EODGH
PLVDOLJQPHQWLQDWLGDOVWUHDPWXUELQHDQGZLOOEHFRQVLGHUHG
LQ IXWXUH ZRUN 0RUHRYHU WKH LPSOLFDWLRQV RI XVLQJ WKHVH
SDUDPHWHUV LQD WUDQVLHQWVLPXODWLRQPD\EHFUXFLDOEXW WKHVH
DUHRXWVLGHWKHVFRSHRIWKLVVWXG\DQGZLOOEHDOVRFRQVLGHUHG
LQWKHIXWXUH
:KHQ WKHVH UHVXOWV DUH DJDLQ FRPSDUHG WR WKH %(07
VLPXODWLRQV WKH RXWFRPHV RI WKH &)' DUH VWLOO VXEVWDQWLDOO\
KLJKHUWKDQWKRVHREWDLQHGZLWK%(07HVSHFLDOO\DW765V!
,WPD\DOVREHSRVVLEOHWKDWWKHUHDUHZDNHHIIHFWVDVVRFLDWHG
ZLWKWKHEODGHRIIVHWWKDWFDQQRWEHDFFRXQWHGIRUZLWKDEDVLF
%(07PRGHO)XWXUH UHVHDUFK ZLOO FRQWHPSODWH WKH XVHRI D
WUDQVLHQW%(07PRGHOWRDFFRXQWIRUWKHVHHIIHFWV
)LJ%(07DQG&)'UHVXOWVVKRZLQJWKH&3DWPV
)LJ%(07DQG&)'UHVXOWVVKRZLQJWKH&7DWPV
,9 &21&/86,216$1')8785(:25.
$FRPSDUDWLYHDQDO\VLVRI&)'DQG%(07ZDVFDUULHGRXW
WR SUHGLFW WKH SHUIRUPDQFH RI D WLGDO WXUELQH ZKHQ LW KDV D
PLVDOLJQPHQWLQRQHRUWZREODGHV$FFRUGLQJWRWKHDXWKRUV¶
NQRZOHGJHWKLVLVWKHILUVWWLPHWKDW%(07DQG&)'KDYHEHHQ
& 7
RS
WLP
XP

& 7
RI
IVH
W
& 3
& 7
XVHGWRSUHGLFWWKHSHUIRUPDQFHRID767ZLWKPLVDOLJQPHQWLQ
EODGHV
,WZDVIRXQGWKDWERWK&)'DQG%(07ZHUHDEOHWRSUHGLFW
WKH SHUIRUPDQFH RI WKH WXUELQH IRU VPDOO PLVDOLJQPHQWV RI D
VLQJOH EODGH  RI LQFUHPHQWDO SLWFK DQG DW IORZ YHORFLWLHV
JUHDWHUWKDQPV:KHQORRNLQJDWWKHGLIIHUHQFHVEHWZHHQ
WKHRSWLPXPDQGRIIVHWFDVHVERWKQXPHULFDOPRGHOVDQGWKH
H[SHULPHQWDOGDWDRI&3VKRZHGVLPLODUYDULDWLRQV
7KH QXPHULFDO PRGHOV VKRZHG SRRUHU DJUHHPHQW ZKHQ
FRQVLGHULQJ WKH&7 YDOXHV %RWK QXPHULFDO PRGHOV ZHUH DOVR
OHVVHIIHFWLYHZKHQFRPSXWLQJWKH&3DQG&7FRHIILFLHQWVZLWK
WZRRIIVHWEODGHV$VLPXODWLRQDQDO\VLVWRVWXG\WKHHIIHFWVRI
FKDQJLQJ IRXU SDUDPHWHUV LQ WKH &)' PRGHO VKRZHG WKDW
LQFOXGLQJ WKH PRXQWLQJ V\VWHP LQ WKH JHRPHWU\ VHWWLQJ WKH
FRQWUROYROXPHWRWKHH[SHULPHQWDOYDOXHVDQGXVLQJDQRVOLS
FRQGLWLRQ LPSURYHV WKH DJUHHPHQW ZLWK %(07 7KXV IXWXUH
ZRUN ZLOO IRFXV RQ H[SORULQJ WKH XVH RI WKHVH SDUDPHWHUV WR
VWXG\ EODGH PLVDOLJQPHQW SHUIRUPDQFH LQFOXGLQJ DGGLWLRQDO
FDVHVZKHUHWUDQVLHQWDQDO\VLVLVFDUULHGRXW
6LPLODUO\ WKH K\SRWKHVLV RI XVLQJ D VLPSOLVWLF DSSURDFK
XVLQJ%(07WRPRGHOWKHSHUIRUPDQFHRIDWLGDOWXUELQHGXULQJ
RIIGHVLJQ FRQGLWLRQV LV QRW HQWLUHO\ XVHIXO ZKHQ ODUJH
SHUWXUEDWLRQV H[LVW )XWXUH ZRUN ZLOO FRQWHPSODWH WKH XVH RI
DOWHUQDWLYH PHWKRGV WR LQFRUSRUDWH EODGH PLVDOLJQPHQW LQ
%(07
7R IXUWKHU YDOLGDWH WKH QXPHULFDO PRGHOV DGGLWLRQDO
H[SHULPHQWDOZRUNZLOOEHXQGHUWDNHQLQWKHIXWXUH
9 $&.12:/('*0(176

7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH (365&
(31IRUIXQGLQJWKLVSURMHFW
5()(5(1&(6
>@ 0H\JHQ ³7KH 0H\JHQ 3URMHFW´ 0H\JHQ  >2QOLQH@ $YDLODEOH
KWWSZZZPH\JHQFRPWKHSURMHFW>$FFHVVHG0DUFK@
>@ $ .XVLDN DQG $ 9HUPD ³$ 'DWD'ULYHQ $SSURDFK IRU 0RQLWRULQJ
%ODGH 3LWFK )DXOWV LQ :LQG 7XUELQHV´ ,((( 7UDQVDFWLRQV RQ
6XVWDLQDEOH(QHUJ\YROQR
>@ 7LGDO(QHUJ\7RGD\ ³7ZR WXUELQHV XS DQG UXQQLQJ DW 0H\*HQ´
WLGDOHQHUJ\WRGD\  -XO\  >2QOLQH@ $YDLODEOH
KWWSWLGDOHQHUJ\WRGD\FRPWZRWXUELQHVXSDQGUXQQLQJ
DWPH\JHQ>$FFHVVHG-XO\@
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